Zika virus (ZIKV) has been linked to a panel of unexpected biological features that diverge significantly from other well-known mosquito-borne flaviviruses, such as dengue virus (DENV), yellow fever virus (YFV), Japanese encephalitis virus (JEV), and St. Louis encephalitis virus (SLEV). A recent study showed that ZIKV displayed much greater stability than DENV at high temperatures, leading to the hypothesis that this superior stability of ZIKV may contribute to its unique pathology and routes of transmission 1 . One interesting feature of viral thermostability is that the variations often have definite genetic and structural basis 2 . A cryo-electron microscopy structural reconstruction of ZIKV virions revealed two distinct structural features of ZIKV: (i) an extended glycan loop structure and (ii) an extra hydrogen-bonding interaction between residues Q350 and T351 of domain III around the 5-fold vertex, which might contribute to the observed high stability of ZIKV 1, 3 . However, follow-up investigations using replicon-based virus-like particle (VLP) and infectious clones have concluded that these domains and interactions are not related to the thermostability of ZIKV 4, 5 . Interestingly, a comparison of the thermostabilities of ZIKV/DENV chimeric viruses with their parental viruses clearly demonstrated that the predominant determinants of ZIKV thermostability lie in the prM-E proteins 4 . This result inspired us to further explore the potential molecular determinants within the prM-E proteins by using the reverse genetics system of ZIKV 6 . Recently, we demonstrated the critical role of residue 264 of the E protein (E-264) in modulating the stability of JEV, and a single H264Q substitution in the E protein significantly decreased the thermal stability of JEV 7 . Residue 264 is located in the αB helix of domain II of the E protein (residues 259-266) of JEV. Sequence alignment revealed that the homologous residue E-264 is threonine 267 (T267) in ZIKV, which is highly conserved among most flaviviruses, including YFV, DENV and SLEV (Fig. 1a) , and among all ZIKV strains ( Figure S1 ). To verify the potential role of this residue in ZIKV thermal stability, we introduced the T267Q and T267H mutations (the primer sets used in this study are listed in Table S1 ) into the αB helix of the E protein based on the infectious clone of ZIKV 6 . Both mutant viruses were successfully constructed and recovered in BHK-21 cells with similar peak titers and plaque morphologies to the WT ZIKV (Fig. 1b) . Standard thermal stability assays were performed as previously described 1 , and the results demonstrated that the ZIKV/ T267H mutant virus showed the same resistance to heat as the WT ZIKV at 50°C. Meanwhile, the ZIKV/T267Q mutant was highly sensitive to heat treatment, and incubation for 30 min completely abolished ZIKV infectivity (Fig. 1c) .
A single residue in the αB helix of the E protein is critical for Zika virus thermostability Zika virus (ZIKV) has been linked to a panel of unexpected biological features that diverge significantly from other well-known mosquito-borne flaviviruses, such as dengue virus (DENV), yellow fever virus (YFV), Japanese encephalitis virus (JEV), and St. Louis encephalitis virus (SLEV). A recent study showed that ZIKV displayed much greater stability than DENV at high temperatures, leading to the hypothesis that this superior stability of ZIKV may contribute to its unique pathology and routes of transmission 1 . One interesting feature of viral thermostability is that the variations often have definite genetic and structural basis 2 . A cryo-electron microscopy structural reconstruction of ZIKV virions revealed two distinct structural features of ZIKV: (i) an extended glycan loop structure and (ii) an extra hydrogen-bonding interaction between residues Q350 and T351 of domain III around the 5-fold vertex, which might contribute to the observed high stability of ZIKV 1, 3 . However, follow-up investigations using replicon-based virus-like particle (VLP) and infectious clones have concluded that these domains and interactions are not related to the thermostability of ZIKV 4, 5 . Interestingly, a comparison of the thermostabilities of ZIKV/DENV chimeric viruses with their parental viruses clearly demonstrated that the predominant determinants of ZIKV thermostability lie in the prM-E proteins 4 . This result inspired us to further explore the potential molecular determinants within the prM-E proteins by using the reverse genetics system of ZIKV 6 . Recently, we demonstrated the critical role of residue 264 of the E protein (E-264) in modulating the stability of JEV, and a single H264Q substitution in the E protein significantly decreased the thermal stability of JEV 7 . Residue 264 is located in the αB helix of domain II of the E protein (residues 259-266) of JEV. Sequence alignment revealed that the homologous residue E-264 is threonine 267 (T267) in ZIKV, which is highly conserved among most flaviviruses, including YFV, DENV and SLEV (Fig. 1a) , and among all ZIKV strains ( Figure S1 ). To verify the potential role of this residue in ZIKV thermal stability, we introduced the T267Q and T267H mutations (the primer sets used in this study are listed in Table S1 ) into the αB helix of the E protein based on the infectious clone of ZIKV 6 . Both mutant viruses were successfully constructed and recovered in BHK-21 cells with similar peak titers and plaque morphologies to the WT ZIKV (Fig. 1b) . Standard thermal stability assays were performed as previously described 1 , and the results demonstrated that the ZIKV/ T267H mutant virus showed the same resistance to heat as the WT ZIKV at 50°C. Meanwhile, the ZIKV/T267Q mutant was highly sensitive to heat treatment, and incubation for 30 min completely abolished ZIKV infectivity (Fig. 1c) .
A structural analysis of the E:M:M:E heterotetramer of ZIKV revealed that residue T267 within helix αB of ZIKV is capable of stabilizing viral particles through both hydrophobic and hydrophilic interactions. Residue T267 interacts with V2 and Y27 from the M protein through hydrophobic interactions and forms hydrogen bonds with Q261 and G263 of the E protein, and H267 forms hydrogen bonds with A1 from the M protein and Q261 from the E protein (Fig. 1d , Supplementary Table S2 ). However, the replacement of H267 or T267 with Q267 disrupts the hydrophobic interactions with the E or M proteins and only maintains weak hydrogen bonds with A1 from the M protein ( Fig. 1d and Supplementary Table S2 ). This finding suggests that the hydrophobic and hydrophilic interactions between the αB helix of the E and M proteins are critical for flavivirus thermostability.
In this report, we identified a highly conserved residue in the αB helix in the E protein of ZIKV as a potent molecular determinant for its thermal stability. These findings will not only help us understand the molecular and structural basis of flavivirus stability, but they also provide important clues for the rational design of a flavivirus vaccine with improved thermostability 8 . 
